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(57) ABSTRACT 

Provided is an interlocking chain unit that has reliable and 
strong interlocking and avoids buckling, breaking, and bend 
ing of a rigidified chain portion. In the interlocking chain unit 
(100), the interlocking operation of an outer tooth link plate 
(112BZ) and an outer tooth link plate (112AY) that are just 
about to complete the interlocking operation is completed in 
a manner that causes a first inter-pin distance (d1) and a 
second inter-pin distance (d2) become substantially equal to 
each other, and causes a third inter-pin distance (d3) to 
approach the second inter-pin distance (d2). 
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ENGAGEMENT CHAIN UNIT 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

This application is a national stage application under 35 
U.S.C. 371 and claims the benefit of PCT Application No. 
PCT/JP2012/061567 filed 1 May 2012, which designated the 
United States, which PCT Application claimed the benefit of 
Japanese Patent Application No. 2011-107548 filed 12 May 
2011, the disclosure of each of which are incorporated herein 
by reference. 

FIELD OF THE INVENTION 

The present invention relates to an interlocking chain unit 
used in manufacturing facilities in various manufacturing 
fields, transportation facilities in the transportation field, 
nursing care facilities in medical and welfare fields, and stage 
facilities in art fields, and moving a driven body forward and 
backward. 

BACKGROUND OF THE INVENTION 

Conventionally, as a drive unit, a drive unit is known that 
moves a driven object such as a heavy object by using a pair 
of interlocking chains, which are also referred to as Zip 
chains. Specifically, the pair of interlocking chains are inter 
locked with each other and integrally driven (for example, 
refer to Patent Document 1). 

Also, a silent chain transmission device has known in 
which noise and vibrations caused in driving of chains are 
Suppressed by defining shapes of faces of link plates to be 
interlocked with inner flanks, i.e., sprocket teeth (for 
example, refer to Patent Document 2). 

PRIOR ART DOCUMENTS 

Patent Documents 

Patent Document 1: Japanese Laid-Open Patent Publication 
No. 2009-113872 (refer to Claims and FIG. 5) 

Patent Document 2: Japanese Laid-Open Utility Model Pub 
lication No. 6-13399 (refer to Claim and FIG. 1) 

SUMMARY OF THE INVENTION 

However, the above-described prior art related to the inter 
locking chains does not mention specific design matters such 
as interlocking end faces for engaging inner tooth plates and 
outer tooth plates with each other and buckling restricting end 
faces for restricting buckling. Therefore, it is difficult to 
firmly and reliably engage the inner tooth plates with the outer 
tooth plates. 

Moreover, in the above-described interlocking chains, 
uneven compression forces are applied to the inner tooth 
plates and the outer tooth plates when these plates are inter 
locked with each other and therefore it is difficult to avoid 
buckling, breaking, and bending caused in a rigidified chain 
portion of the pair of interlocking chains, which are inter 
locked and integrated with each other 

In other words, unavoidable clearance backlash between 
parts remains in the chains after the interlocking. Therefore, it 
is difficult to avoid the buckling, breaking, and bending 
caused in the rigidified chain portion by Suppressing applica 
tion of the uneven compression forces in the interlocking. 
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2 
Therefore, a technical problem to be solved by the inven 

tion, i.e., an object of the invention is to provide an interlock 
ing chain unit that allows inner tooth plates and outer tooth 
plates to be reliably and firmly interlocked with each other 
and avoids buckling, breaking, and bending of the rigidified 
chain portion. 
To solve the above described problems, embodiments of 

the present invention provide an interlocking chain unit com 
prising a pair of interlocking chains. 
The pair of interlocking chains includes a first interlocking 

chain and a second interlocking chain, each of which includes 
outer tooth link plates each having a hook-shaped interlock 
ing end face and a buckling restricting end face, pairs of front 
and rear coupling pins fitted to the outer tooth link plates, and 
inner tooth link plates alternately placed with the outer tooth 
link plates in a state of being loosely fitted to the coupling 
pins. The first interlocking chain and the second interlocking 
chain are interlocked with each other to form a rigidified 
chain portion, and are disengaged from each other to bifur 
cate. A link plate that is one of the inner tooth link plates and 
the outer link plates of the first interlocking chain and is in a 
state immediately before completion of an interlocking 
operation is defined as a first link plate. A link plate of the 
second interlocking chain that is located Subsequent to the 
first link plate is defined as a second link plate. The second 
link plate has a disengagement-side couplingpin. A link plate 
that is located Subsequent to the second link plate is defined as 
a third link plate. The third link plate has a disengagement 
side coupling pin and a couplingpin that faces the disengage 
ment-side coupling pin of the second link plate. The inter 
locking operation between the first link plate and the second 
link plate is completed Such that: a first inter-pin distance 
between the disengagement-side coupling pin of the second 
link plate and the coupling pin facing the disengagement-side 
coupling pin of the second link plate is made Substantially 
equal to a second inter-pin distance in the rigidified chain 
portion; and a third inter-pin distance between the disengage 
ment-side coupling pin of the third link plate and a coupling 
pin that faces the disengagement-side coupling pin of the 
third link plate is made to approach the second inter-pin 
distance in the rigidified chain portion. 
To solve the above described problems, embodiments of 

the present invention provide an interlocking chain unit in 
which when the first inter-pin distance and the third inter-pin 
distance become equal to the second inter-pin distance in the 
rigidified chain portion in the process of reaching the position 
of the first link plate from the position of the third link plate at 
the time of the interlocking operation, any or all of the inner 
tooth link plates, the outer tooth link plates, and the coupling 
pins are elastically deformed. 
To solve the above described problems, embodiments of 

the present invention provide an interlocking chain unit in 
which, in the interlocking operation, the buckling restricting 
end face of the third link plate contacts the buckling restrict 
ing end face of the second link plates. In the interlocking 
operation, the second link plate behaves to match the plate 
axis of the third link plate with the forward and backward 
direction of the rigidified chain. 
To solve the above described problems, embodiments of 

the present invention provide an interlocking chain unit in 
which a link plate that is located subsequent to the third link 
plate is defined as a fourth link plate. In the interlocking 
operation, the hook-shaped interlocking end face of the third 
link plate is interlocked with the hook-shaped interlocking 
end face of the fourth link plate. In the interlocking operation, 
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the fourth link plate behaves to match the plate axis of the 
third link plate with the forward and backward direction of the 
rigidified chain. 

To solve the above described problems, embodiments of 
the present invention provide an interlocking chain unit in 
which the second inter-pin distance is defined by the hook 
shaped interlocking end faces existing between a pair of 
coupling pins that face each other in the chain width direction 
and are interlocked with each other in a state of being 
included in the rigidified chain portion, and by the buckling 
restricting end faces contacting each other. 

To solve the above described problems, embodiments of 
the present invention provide an interlocking chain unit in 
which the pair of interlocking chains are interlocked with 
each other by a chain movement restricting means that regu 
lates the operation of the pair of the interlocking chains from 
the chain disengagement direction to a deflection region that 
extends in the forward and backward direction of the rigidi 
fied chain. 
To solve the above described problems, embodiments of 

the present invention provide an interlocking chain unit in 
which the chain movement restricting means is a drive 
sprocket provided in an interlocking chain type forward and 
backward actuating device configured to move a driven body 
forward and backward according to chain forward and back 
ward movements based on interlocking and disengagement of 
the pair of interlocking chains. 

The interlocking chain unit according embodiments of the 
invention is constituted by a pair of interlocking chains 
including a first interlocking chain and a second interlocking 
chain. The first and second interlocking chains each include 
outer tooth link plates, pairs of front and rear coupling pins, 
and inner tooth link plates. Each outer tooth link plate has a 
hook-shaped interlocking end face and a buckling restricting 
end face. Each pair of front and rear coupling pins are fitted to 
the outer tooth link plate. The inner tooth link plates are 
alternately placed with the outer tooth link plates in a state of 
being loosely fitted to the coupling pins, respectively. The first 
interlocking chain and the second interlocking chain are 
interlocked with each other to form a rigidified chain portion, 
and are disengaged from each other to bifurcate, thereby 
making it possible to Switch a rigidified State of the chain and 
a bifurcated State of the chain according to the advancing and 
retreating operation of the pair of interlocking chains, and 
making it possible to achieve particular advantages corre 
sponding to the following unique structures. 

That is, in the interlocking chain unit according various 
embodiments, a link plate that is one of the inner tooth link 
plates and the outer link plates of the first interlocking chain 
and is in a state immediately before completion of an inter 
locking operation is defined as a first link plate. A link plate of 
the second interlocking chain that is located Subsequent to the 
first link plate is defined as a second link plate, the second link 
plate having a disengagement-side coupling pin. 
A link plate that is located Subsequent to the second link 

plate is defined as a third link plate, the third link plate having 
a disengagement-side coupling pin and a coupling pin that 
faces the disengagement-side coupling pin of the second link 
plate. The interlocking operation between the first link plate 
and the second link plate is completed Such that: a first inter 
pin distance between the disengagement-side coupling pin of 
the second link plate and the coupling pin facing the disen 
gagement-side coupling pin of the second link plate is made 
Substantially equal to a second inter-pin distance in the rigidi 
fied chain portion; and a third inter-pin distance between the 
disengagement-side coupling pin of the third link plate and a 
coupling pin that faces the disengagement-side coupling pin 
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4 
of the third link plate is made to approach the second inter-pin 
distance in the rigidified chain portion. Thus, the transition to 
the Smooth interlocking operation of other types of link plates 
Subsequent to the second link plate, that is, the innertooth link 
plate in the case where the first, second and third link plates 
are the outer tooth link plates, or the outer tooth link plate in 
the case where the first, second and third link plates are the 
inner tooth link plates is achieved, in the State of fixing each 
of the positions of the disengagement-side couplingpin of the 
second link plate and the non-disengagement-side coupling 
pin forming a pair there with, the plate axis of the second link 
plate, that is, the axial line connecting the disengagement 
side coupling pin and the non-disengagement-side coupling 
pin of the second link plate is matched in the forward and 
backward direction of the rigidified chain, and an interlocking 
portion obtained by interlocking the hook-shaped interlock 
ing end faces of each of the first link plate and the second link 
plate is held by the buckling restricting end face of the third 
link plate. Accordingly, it is possible to achieve the rigid and 
reliable interlocking between the inner tooth link plates and 
between the outer tooth link plates in the state of avoiding the 
action of the non-uniform compressive force during inter 
locking, and it is possible to avoid buckling, breaking and 
bending of the rigidified chain portion, by improving the 
rigidity of the pair of interlocking chains that are interlocked 
and integrated with each other. 

In addition, in order that the interlocking between the first 
link plate and the second link plate between the first pins is 
completed, the hook-shaped interlocking end face of the first 
link plate and the hook-shaped interlocking end face of the 
second link plate need to be fixed by the third link plate 
subsequent to the second link plate so as not to be disengaged 
from each other. Accordingly, each of the link plates behaves 
Such that the third inter-pin distance approaches the second 
inter-pin distance, thus the action of the second link plate 
being fixed by the third link plate is completed, and the 
interlocking between the first link plate and the second link 
plate between the first pins is completed. 

Furthermore, the proximity state of the third inter-pin dis 
tance is achieved by the interlocking between the hook 
shaped interlocking end faces of the inner tooth link plate or 
the outer tooth link plate. 

Moreover, in the interlocking chain unit according to claim 
2, in addition to the advantage achieved by the interlocking 
chain unit according to claim 1, when the first inter-pin dis 
tance and the third inter-pin distance become equal to the 
second inter-pin distance in the rigidified chain portion in the 
process of reaching the position of the first link plate from the 
position of the third link plate at the time of the interlocking 
operation, any or all of the inner tooth link plate, the outer 
tooth link plate, and the couplingpin are elastically deformed. 
Thus, the vibration is avoided by smoothly interlocking the 
hook-shaped interlocking end faces at the time of the inter 
locking operation, the interlocking chains are sequentially 
rotated around the preceding coupling pin in the forward and 
backward directions of the rigidified chain of the pair of front 
and rear coupling pins of each of the first, second, and third 
link plates performing the interlocking operation in sequence, 
and backlash is further reduced in the state of removing the 
play between the components by rigidifying the pair of inter 
locking chains along with the above-described elastic defor 
mation. Accordingly, it is possible to reduce the vibration that 
is one of the obstacles when firmly and securely fixing the 
inner tooth link plates and the outer tooth link plates. Also, it 
is possible to effectively firmly and reliably interlock the 
inner tooth link plates, and the outer tooth link plates by 
utilizing the elastic force generated by the inner tooth link 
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plate, the outer tooth link plate, and the preceding coupling 
pin, and it is possible to further avoid buckling, breaking and 
bending of the rigidified chain portion by improving the rigid 
ity of the pair of interlocking chains that are interlocked and 
integrated with each other. 

Moreover, in the interlocking chain unit according to cer 
tain embodiments, the buckling restricting end face of the 
third link plate contacts the buckling restricting end face of 
the second link plate at the time of the interlocking operation, 
and the second link plate behaves so as to match the plate axis 
of the third link plate in the forward and backward directions 
of the rigidified chain at the time of the interlocking opera 
tion, thereby bringing the buckling restricting end face of the 
third link plate into contact with the buckling restricting end 
face of the second link plate along with the interlocking 
operation between the hook-shaped interlocking end faces of 
each of the same kind of link plate subsequent to the third link 
plate, and the third link plate. Accordingly, it is possible to 
firmly and reliably interlock the inner tooth link plates and the 
outer tooth link plates. Also, it is possible to further reliably 
avoid buckling, breaking, and bending of the rigidified chain 
portion by improving the rigidity of the pair of interlocking 
chains that are interlocked and integrated with each other. 

Moreover, the interlocking chain unit according to certain 
embodiments has the following advantages in addition to the 
advantage achieved by the interlocking chain unit shown and 
described herein. That is, a link plate that is located subse 
quent to the third link plate is defined as a fourth link plate. In 
the interlocking operation, the hook-shaped interlocking end 
face of the third link plate is interlocked with the hook-shaped 
interlocking end face of the fourth link plate. In the interlock 
ing operation, the fourth link plate behaves to match the plate 
axis of the third link plate with the forward and backward 
directions of the rigidified chain. Accordingly, it is possible to 
avoid buckling, breaking and bending of the rigidified chain 
portion by reliably interlocking the pair of interlocking chains 
in a state of guiding the inner tooth link plate and the outer 
tooth link plate in the forward and backward directions of the 
rigidified chain. 

In more detail, in the interlocking accompanied by the 
elastic deformation, even if the first link plate and the second 
link plate are interlocked with each other, the elastic force by 
which the elastically deformed component would return to 
the original status causes the interlocked interlocking chains 
to be disengaged from each other. 

At this time, it is difficult to maintain the interlocking 
accompanied by the elastic deformation only by the third link 
plate. However, by sequentially interlocking the link plates 
using a rigidified-side pin as a fulcrum, it is possible to Sup 
press the disengagement of the chains with less power by the 
principle of leverage. Accordingly, the interlocking accom 
panied by the elastic deformation in the first and second link 
plates is completed by completion of the interlocking using 
the third and fourth link plates. 

Moreover, the interlocking chain unit according to certain 
embodiments has the following advantages in addition to the 
advantage achieved by the interlocking chain unit according 
to various embodiments shown and described herein. That is, 
the second inter-pin distance is defined by the hook-shaped 
interlocking end faces existing between a pair of coupling 
pins that face each other in the chain width direction and are 
interlocked with each other in a state of being included in the 
rigidified chain portion, and by the buckling restricting end 
faces contacting each other. This forms the rigidified chain 
portion in a state of balancing the force acting on the hook 
shaped interlocking end faces interlocked with each other and 
the force acting on the buckling restricting end faces contact 
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6 
ing each other. Accordingly, it is possible to reliably avoid 
buckling, breaking, and bending of the rigidified chain por 
tion, by further improving the rigidity of the rigidified chain 
portion in the state of defining the width of the rigidified chain 
portion. 

In addition, the third inter-pin distance acts in the direction 
of spreading between the coupling pins by the contact of the 
buckling restricting end face interposed between the disen 
gagement-side coupling pin of the third link plate and the 
coupling pin facing the disengagement-side coupling pin of 
the third link plate. 

Furthermore, the inter-pin distance acts so as not to be 
spread by the contact of the hook-shaped interlocking end 
faces interposed between the disengagement-side coupling 
pin of the third link plate and the coupling pin facing the 
disengagement-side coupling pin of the third link plate so as 
to be interlocked with each other. 
By the engagement of the interlocking chains so as to 

define the inter-pin distance in the direction in which the 
buckling restricting end faces and the hook-shaped interlock 
ing end faces are opposite to each other in the width direction 
connected by the coupling pins, it is possible to define the 
inter-pin distance at the time of the interlocking of the inter 
locking chains, and achieve the rigidity. 

In the case of the interlocking accompanied by the elastic 
deformation, since the inter-pin distance defined by the buck 
ling restricting end faces is greater than the inter-pin distance 
defined by the hook-shaped interlocking portions, it is pos 
sible to reliably restrict the inter-pin distance, and the rigidity 
of the chain is remarkably improved. 
The advantage of improving the rigidity at the time of the 

interlocking between the first interlocking chain and the sec 
ond interlocking chain without any problem is significantly 
obtained when a compressive load is applied in the forward 
and backward directions of the rigidified chain. 

Furthermore, even when the coupling pins facing each 
other at the time of the interlocking operation between the 
first interlocking chain and the second interlocking chain is 
slightly shifted in the forward and backward directions of the 
rigidified chain, there is no problem in the interlocking opera 
tion of the interlocking chains. 

Moreover, the interlocking chain unit according certain 
embodiments has the following advantages in addition to the 
advantage achieved by the interlocking chain unit as shown 
and described herein. That is, the pair of interlocking chains 
are interlocked with each other by a chain movement restrict 
ing means that regulates the operation of the pair of the 
interlocking chains from the chain disengagement direction 
to a deflection region that extends in the forward and back 
ward directions of the rigidified chain. This allows a driven 
body to be driven forward and backward by the rigidified 
chain portion with improved rigidity. Accordingly, it is pos 
sible to accurately move the driven body forward and back 
ward to a predetermined position, by avoiding buckling, 
breaking, and bending of the rigidified chain portion. 

In addition, since the Subsequent disengagement-side link 
plate holds the preceding rigidified-side plate by guiding 
from the disengagement direction of the interlocking chain to 
the interlocking position, the rigidified chain portion is 
capable of advancing and retreating, while maintaining the 
rigid state without separating the interlocked chains. 

In the interlocking chain unit according various embodi 
ments of the present invention the chain movement restricting 
means is a drive sprocket provided in an interlocking chain 
type forward and backward actuating device configured to 
move a driven body forward and backward according to the 
chain forward and backward movements based on the inter 
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locking and the disengagement of the pair of interlocking 
chains. Since the driven body is driven to move forward and 
backward by the rigidified chain portion having the increased 
rigidity, it is possible to achieve accurate forward and back 
ward movements of the driven body to predetermined posi 
tions while avoiding buckling, breaking, and bending of the 
rigidified chain portion. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a perspective view of an exploded state of an 
interlocking chain unit according to one embodiment of the 
present invention; 

FIG. 2 is a perspective view of an interlocking chain type 
forward and backward actuating device including the inter 
locking chain units according to the invention; 

FIG. 3 is a perspective view of FIG. 2 from which a lifting 
table is removed; 

FIG. 4 is a partially enlarged view of a vicinity of a drive 
sprocket shown in FIG. 3; 

FIG. 5 is a diagram showing a state of contact between a 
chain guide plate and the interlocking chains; 

FIG. 6 is an explanatory view illustrating an interlocking 
operation process (A) in which a pair of interlocking chains 
are interlocked with each other; 

FIG. 7 is an explanatory view illustrating an interlocking 
operation process (B) in which the pair of interlocking chains 
are interlocked with each other; 

FIG. 8 is an explanatory view illustrating an interlocking 
operation process (C) in which the pair of interlocking chains 
are interlocked with each other; 

FIG. 9 is an explanatory view illustrating an interlocking 
operation process (D) in which the pair of interlocking chains 
are interlocked with each other; 

FIG. 10 is an explanatory view illustrating an interlocking 
operation process (E) in which the pair of interlocking chains 
are interlocked with each other; 

FIG. 11 is an explanatory view illustrating an interlocking 
operation process (F) in which the pair of interlocking chains 
are interlocked with each other; 

FIG. 12 is an explanatory view illustrating an interlocking 
operation process (G) in which the pair of interlocking chains 
are interlocked with each other; and 

FIG. 13 is a front view illustrating another example of an 
interlocking operation of the pair of interlocking chains. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

An interlocking chain unit of the invention may be embod 
ied in any specific form as long as the following configuration 
is realized. That is, an interlocking chain unit includes a pair 
of interlocking chains. The pair of interlocking chains 
includes a first interlocking chain and a second interlocking 
chain, each of which includes outer tooth link plates each 
having a hook-shaped interlocking end face and a buckling 
restricting end face, pairs of front and rear coupling pins fitted 
to the outer tooth link plates, and inner tooth link plates 
alternately placed with the outer tooth link plates in a state of 
being loosely fitted to the coupling pins. The first interlocking 
chain and the second interlocking chain are interlocked with 
each other to form a rigidified chain portion, and are disen 
gaged from each other to bifurcate. A link plate that is one of 
the inner tooth link plates and the outer link plates of the first 
interlocking chain and is in a state immediately before 
completion of an interlocking operation is defined as a first 
link plate. A link plate of the second interlocking chain that is 
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8 
located Subsequent to the first link plate is defined as a second 
link plate, the second link plate having a disengagement-side 
coupling pin. A link plate that is located Subsequent to the 
second link plate is defined as a third link plate, the third link 
plate having a disengagement-side coupling pin and a cou 
pling pin that faces the disengagement-side coupling pin of 
the second link plate. The interlocking operation between the 
first link plate and the second link plate is completed Such 
that: a first inter-pin distance between the disengagement 
side couplingpin of the second link plate and the couplingpin 
facing the disengagement-side coupling pin of the second 
link plate is made Substantially equal to a second inter-pin 
distance in the rigidified chain portion; and a third inter-pin 
distance between the disengagement-side coupling pin of the 
third link plate and a coupling pin that faces the disengage 
ment-side coupling pin of the third link plate is made to 
approach the second inter-pin distance in the rigidified chain 
portion. 
The interlocking chain unit may be constituted by a plural 

ity of rows of chain units in which a large number of link units 
are respectively coupled in the chain longitudinal direction. 
The link unit includes inner tooth link plates and outer tooth 
link plates located outside of the inner tooth link plates. An 
inner tooth link plate and an outer tooth link plate constitute 
one set of the link unit facing in the chain thickness direction. 
The interlocking chain unit may also be constituted by a chain 
unit of a single row. 

Furthermore, the interlocking chain unit of the invention 
includes only the coupling pins and the link plates. The inter 
locking chain unit may also include silent type interlocking 
chains. 

Furthermore, the advantages achieved by the outer tooth 
link plates and the inner tooth link plates described above are 
also similarly achieved even in a case the relationship 
between the outer tooth link plates and the inner tooth link 
plates is reversed. 

In addition, even when recessed notches are provided at 
parts of the hook-shaped interlocking end faces of the inter 
locking chain on one side of the pair of interlocking chains or 
the buckling restricting end faces, or even when the buckling 
restricting end faces are curved surfaces, the same advantages 
as the above-described advantage are achieved. 
The interlocking chain type forward and backward actuat 

ing device including the interlocking chain units according to 
the invention does not cause any problem in forward and 
backward operations even if an installation face is a floor face 
where the interlocking chain type forward and backward 
actuating device stands or a ceiling face where the interlock 
ing chain type forward and backward actuating device is 
suspended. Further, even if the installation face is a vertical 
wall face where the interlocking chain type forward and back 
ward actuating device is cantilevered, the device has no 
trouble in the above-described forward and backward move 
mentS. 

Furthermore, an interlocking chain type forward and back 
ward actuating device including the interlocking chain unit 
according to the invention may be installed on a wall Surface, 
and may advance and retreat in parallel with the wall Surface. 
Embodiments 

Hereinafter, an interlocking chain unit 100 according to an 
embodiment of the invention will be described with reference 
to FIGS 1 to 13. 

FIG. 1 is a perspective view illustrating an exploded and 
assembled state of the interlocking chain unit 100 according 
to an embodiment of the invention. FIG. 2 is a perspective 
view of an interlocking chain type forward and backward 
actuating device that includes the interlocking chain unit of 
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the invention. FIG. 3 is a perspective view illustrating a state 
in which a lifting table is removed from FIG. 2. FIG. 4 is a 
partially enlarged view of the vicinity of a drive sprocket 
illustrated in FIG. 3. FIG. 5 is a diagram illustrating a contact 
state of a chain guide plate and the interlocking chains. FIGS. 
6 to 12 are explanatory views sequentially illustrating an 
interlocking operation process in which the pair of interlock 
ing chains is interlocked with each other. FIG. 13 is a front 
view illustrating another example of the interlocking opera 
tion of a pair of the interlocking chains. 

In addition, hereinafter, the outer tooth link plates as each 
of the first to fourth link plates of the invention will be 
described as an example. 

That is, hereinafter, for illustrative purposes, as the first to 
fourth link plates, and the outer tooth link plates will be 
described as an example. The structure of the interlocking 
chain unit 100 will be described by mainly focusing on the 
outer tooth link plates. Even when the inner tooth link plates 
are described as the first to fourth link plates as an example, 
the same advantages as a case of describing the outer tooth 
link plate as an example are obtained. 

First, a basic structure of the interlocking chain unit 100 
according to the present embodiment will be described while 
referring to FIG. 1. 
As illustrated in FIG. 1, the interlocking chain unit 100 

according to the present embodiment is what is called a Zip 
chain, which is constituted by a pair of interlocking chains 
110A and 110B, or a first interlocking chain 110A and a 
second interlocking chain 110B. The first interlocking chain 
110A and the second interlocking chains 110B include outer 
tooth link plates 112 each having a hook-shaped interlocking 
end face 112F and a buckling restricting end face 112S, pairs 
offront and rear coupling pins 113, each pair being fitted to an 
outer tooth link plate 112, and inner tooth link plates 111 
alternately arranged with the outer tooth link plates 112 in a 
state of being loosely fitted to the coupling pins 113, respec 
tively. The first interlocking chain 110A and the second inter 
locking chain 110B are interlocked with each other to form a 
rigidified chain portion 100A, and are disengaged from each 
other to bifurcate, thereby switching the rigid state of the 
chain and the bifurcated State of the chain according to the 
advancing and retreating operation of the pair of interlocking 
chains 110A and 110B. 

Rollers 115 are fitted over bushings 114, which are fitted in 
the inner tooth plates 111, into which the coupling pins 113 
are loosely fitted, and which are respectively arranged 
between a pair of inner tooth plates 111,111 facing each other 
in a chain thickness direction T. 

Next, the structure of the interlocking chain unit 100 of the 
present embodiment described above will be described in 
detail with reference to FIGS. 1 to 12. 

For example, the interlocking chain unit 100 of the present 
embodiment is driven in a freely advancing and retreating 
manner in the State of being provided in an interlocking chain 
type forward and backward actuating device 200. 

The interlocking chain type forward and backward actuat 
ing device 200 having the above-described interlocking chain 
units 100 lifts and lowers a lifting table 240, on which a heavy 
object (not shown) is placed, in parallel with an installation 
floor face G as shown in FIG. 2. 
As shown in FIGS. 1 to 5, the interlocking chain type 

forward and backward actuating device 200 includes the fol 
lowing as basic device structures: a base plate 220 mounted 
on the installation floor face G, with which the above-de 

5 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

scribed lifting table 240 lifts and lowers in parallel; a pair of 65 
drive sprockets 210 facing each other and rotating in opposite 
directions, i.e., normal and reverse directions in the same 

10 
plane and about a pair of rotating shafts 230 arranged parallel 
with the base plate 220; a pair of interlocking chain units 100, 
100 each formed by paired pair of interlocking chains 110A, 
110B configured to lift and lower the lifting table 240 by 
becoming disengaged from the pair of drive sprockets 210, 
210; the above-described lifting table 240 mounted to upper 
ends of the interlocking chain units 100, 100 and integrally 
lifting and lowering; power transmitting chains 252 for trans 
mitting power to a speed changing gear set 253 for rotating 
the pair of drive sprockets 210, 210; a drive motor 250 for 
driving the power transmitting chains 252; and chain guide 
plates 260 provided in bifurcation regions between the pair of 
drive sprockets 210 to guide and move the interlocking chain 
units 100. 

In addition, in the present embodiment, a drive sprocket 
210 constitutes an example of a “chain movement restricting 
means' of the invention. 
Chain housing means 270 are located in a region around the 

maximum lowering position of the lifting table 240, i.e., 
outside and away from a projected platform of the lifting table 
240 similarly to the drive motor 250. 

In other words, one of the pair of interlocking chains 110A, 
110B disengaged from each other is housed into the chain 
housing means 270 formed by a chain housing box 271 of a 
chain reeling type arranged on a side of the drive motor 250 
and the other of the pair of interlocking chains 110A, 110B is 
housed into the chain housing means 270 formed by a straight 
housing rail 272 arranged on an opposite side facing the drive 
motor 250. 

Next, the operation of the interlocking chain type forward 
and backward actuating device 200 including the interlocking 
chain unit 100 according to the present embodiment will be 
described with reference to FIGS. 1 to 5. 
As shown in FIGS. 1 to 5, when the lifting table 240 reaches 

a maximum lifting position, the pair of interlocking chains 
110A, 110B are respectively unreeled from the chain housing 
means 270 formed by the chain housing box 271 and the 
straight housing rail 272 by the pair of drive sprockets 210, 
210 interlocked with the rollers 115, and the pair of interlock 
ing chains 110A, 110B are lifted at equal speeds and swiftly 
by the two power transmitting chains 252 looped over output 
gears 251 according to output of the drive motor 250 while 
supporting total weight of the lifting table 240 on which a 
lifted and lowered object (not shown), which is a heavy 
object, is placed. 
On the other hand, when the lifting table 240 reaches the 

maximum lowering position, the pair of interlocking chains 
110A, 110B are disengaged from each other and respectively 
retracted into the chain housing means 270 formed by the 
chain housing box 271 and the straighthousing rail 272 by the 
pair of drive sprockets 210, 210, and the pair of interlocking 
chains 110A, 110B are lowered at equal speeds and Swiftly by 
the two power transmitting chains 252 looped over the output 
gears 251 according to the output of the drive motor 250 while 
supporting the total weight of the lifting table 240, on which 
the heavy object (not shown) is placed. 

Particularly, in the interlocking chain type forward and 
backward actuating device 200, the drive sprockets 240, 
move the lifting table 240, i.e., the driven body forward and 
backward according to the chain forward and backward 
movements based on the interlocking and disengagement of 
the pair of interlocking chains 110A, 110B. As a result, the 
rigidified chain portions 100A having the increased rigidity 
drives the lifting table 240 forward and backward. Therefore, 
the interlocking chain units 100 can accurately move the 
lifting table 240 forward and backward to the predetermined 
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positions while avoiding buckling, breaking, and bending of 
the rigidified chain portions 100A. 

Next, a concrete form of the most characteristic structure of 
the interlocking chain unit 100 according to the present 
embodiment will be described in detail while referring to 
FIGS. 6 to 12. 
As illustrated in FIGS. 6 to 12, in the interlocking chain 

unit 100 according to the present embodiment, the inner tooth 
link plates 111 and the outer tooth link plates 112 include a 
first link plate, or an outer tooth link plate 112AY, which is 
located at a position immediately before completing the inter 
locking operation and constitutes the interlocking chain 
110A, and a second link plate, or an outer tooth link plate 
112BZ, which constitutes the interlocking chain 110B and is 
subsequent to the outer tooth link plate 112AY. The interlock 
ing operation between the outer tooth link plate 112AY and 
the outer tooth link plate 112BZ is completed such that a first 
inter-pin distance d1 between a disengagement-side coupling 
pin 113B1 of the outer tooth link plate 112BZ and the cou 
pling pin 112C2 facing the disengagement-side coupling pin 
113B1 of the outer tooth link plate 112BZ is made substan 
tially equal to a second inter-pin distance d2 in the rigidified 
chain portion 100A, and a third inter-pin distance d3 between 
a third link plate having a coupling pin 112C2 facing the 
disengagement-side coupling pin 113B1 of the outer tooth 
link plate 112BZ and subsequent to the outer tooth link plate 
112BZ, that is, a disengagement-side coupling pin 113C1 of 
the outer tooth link plate 112C, and a coupling pin 113D2 
facing the disengagement-side coupling pin 113C1 of the 
outer tooth link plate 112C is made to approach the second 
inter-pin distance d2 in the rigidified chain portion 100A. 

Thus, the transition to the smooth interlocking operation of 
other types of link plates subsequent to the outer tooth link 
plate 112BZ, that is, an inner tooth link plate 111BZ is 
achieved, in the state of fixing each of the positions of the 
disengagement-side coupling pin 113B1 of the outer tooth 
link plate 112BZ and a non-disengagement-side couplingpin 
113B2 forming a pair there with, a plate axis Pb of the outer 
tooth link plate 112BZ, that is, the axial line connecting the 
disengagement-side coupling pin 113B1 and the non-disen 
gagement-side coupling pin 113B2 of the outer tooth link 
plate 112BZ is matched in the forward and backward direc 
tion A of the rigidified chain, and an interlocking portion 
obtained by interlocking hook-shaped interlocking end faces 
112AF and 112BF of each of the outer tooth link plate 112AY 
and the outer tooth link plate 112BZ is held by a buckling 
restricting end face 112CS of the outer tooth link plate 112C. 
Accordingly, the interlocking chain unit 100 is capable of 
achieving the rigid and reliable interlocking of the inner tooth 
link plates 111 and the outer tooth link plates 112 in the state 
of avoiding the action of the non-uniform compressive force 
at the time of the interlocking. The interlocking chain unit 100 
is capable of avoiding buckling, breaking and bending of the 
rigidified chain portion 100A by improving the rigidity of the 
pair of interlocking chains 110A and 110B that are inter 
locked and integrated with each other. 

In addition, in order that the interlocking between the first 
link plate, that is, the outer tooth link plate 112AY. and the 
second link plate, that is, the outer tooth link plate 112BZ 
between the first pins is completed, the hook-shaped inter 
locking end face 112AF of the outer tooth link plate 112AY 
and the hook-shaped interlocking end face 112BF of the outer 
tooth link plate 112BZ need to be fixed by the third link plate, 
subsequent to the outer tooth link plate 112BZ, that is, the 
outer tooth link plate 112C so as not to be disengaged from 
each other. Accordingly, each of the link plates behaves Such 
that the third inter-pin distance d3 approaches the second 
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inter-pin distance d2, thus the operation of the outer tooth link 
plate 112BZ being fixed by the outer tooth link plate 112C is 
completed, and the interlocking between the outer tooth link 
plate 112AY and the outer tooth link plate 112BZbetween the 
first pins is completed. 
More specifically, the inner tooth link plate 111B and the 

outer tooth link plate 112AY are interlocked with each other, 
while the inner tooth link plate 111A and an outer tooth link 
plate 112X are not displaced. Accordingly, in this stage, that 
is, in a state in which the inner tooth link plate 111A and the 
outer tooth link plate 112X are pushed from the lower plate 
without displacement, respective members, that is, the inner 
tooth link plates 111A and 111B, the outer tooth link plates 
112X and 112AY, the coupling pins 113A2, and the coupling 
pins facing these pins are elastically deformed. 

Furthermore, the proximity state of the third inter-pin dis 
tance d3 is achieved by the interlocking between the hook 
shaped interlocking end faces of the inner tooth link plate 111 
or the outer tooth link plate 112. 
The advantage of improving the rigidity at the time of the 

interlocking between the interlocking chains 110A and 110B 
without any problem as described above is remarkably 
obtained when a compressive load is applied to the forward 
and backward direction A of the rigidified chain. 

Moreover, in the interlocking chain unit 100 according to 
the present embodiment, when the first inter-pin distance d1 
and the third inter-pin distance d3 are equal to the second 
inter-pin distance d2 in the rigidified chain portion 100A in 
the process of reaching the position of the outer tooth link 
plate 112AY from the position of the outer tooth link plate 
112C at the time of the interlocking operation, any or all of the 
inner tooth link plate 111, the outer tooth link plate 112, and 
the coupling pin 113 are elastically deformed. 

Thus, the vibration is avoided by smoothly interlocking the 
hook-shaped interlocking end faces 112AF and 112BF at the 
time of the interlocking operation. The interlocking chains 
110A are sequentially rotated around the preceding coupling 
pin 113 in the forward and backward direction A of the 
rigidified chain among the pair of front and rear coupling pins 
113A1, 113A2, 113B1, 113B2, 113C1, and 113C2 of each of 
the outer tooth link plates 112AY. 112BZ, and 112C perform 
ing the sequential interlocking operation. Also, backlash is 
further reduced in the state of removing the play between the 
components by rigidifying the pair of interlocking chains 
110A and 110B along with the elastic deformation. Accord 
ingly, the interlocking chain unit 100 is capable of reducing 
the vibration that is one of the obstacles when firmly and 
reliably interlocking the inner tooth link plates 111 and the 
outer tooth link plates 112, is capable of effectively, firmly 
and reliably interlocking the inner tooth link plates 111, and 
the outer tooth link plates 112 by utilizing the elastic force 
generated by the inner tooth link plate 111, the outer tooth 
link plate 112, and the preceding couplingpin 113, and is also 
capable of furtheravoiding buckling, breaking and bending of 
the rigidified chain portion 100A by improving the rigidity of 
the pair of interlocking chains 110A and 110B that are inter 
locked and integrated with each other. 

Moreover, in the interlocking chain unit 100 according to 
the present embodiment, a buckling restricting end face 
112CS of the outer tooth link plate 112C contacts a buckling 
restricting end face 112BS of the outer tooth link plate 112BZ 
at the time of the above-described interlocking operation. 
Also, the outer tooth link plate 112BZbehaves so as to match 
a plate axis Pe of the outer tooth link plate 112C with the 
forward and backward direction A of the rigidified chain at 
the time of the above-described interlocking operation. 
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As a result, the buckling restricting end face 112CS of the 
outer tooth link plate 112C contacts the buckling restricting 
end face 112BS of the outer tooth link plate 112BZ, along 
with the interlocking operation between hook-shaped inter 
locking end faces 112CF and 112DF of each of the same kind 
ofan outer tooth link plate 112D subsequent to the outer tooth 
link plate 112C, and the outer tooth link plate 112C. Accord 
ingly, the interlocking chain unit 100 is capable offirmly and 
reliably interlocking the inner tooth link plates 111 and the 
outer tooth link plates 112, and is capable of further reliably 
avoiding buckling, breaking, and bending of the rigidified 
chain portion 100A by improving the rigidity of the pair of 
interlocking chains 110A and 110B that are interlocked and 
integrated with each other. 

Moreover, in the interlocking chain unit 100 according to 
the present embodiment, the hook-shaped interlocking end 
face 112CF of the outer tooth link plate 112C is interlocked 
with the hook-shaped interlocking end face 112DF of the 
outer tooth link plate 112D Subsequent to the outer tooth link 
plate 112C at the time of the above-described interlocking 
operation, and the outer tooth link plate 112D behaves so as to 
match the plate axis Pc of the outer tooth link plate 112C with 
the forward and backward direction A of the rigidified chain 
at the time of the above-described interlocking operation. 
As a result, the outer tooth link plate 112C is held by the 

outer tooth link plate 112D in the forward and backward 
direction A of the rigidified chain. Accordingly, the interlock 
ing chain unit 100 is capable of avoiding buckling, breaking 
and bending of the rigidified chain portion 100A by reliably 
interlocking the pair of interlocking chains 110 and 110 in a 
state of guiding the outer tooth link plate 112 and the inner 
tooth link plate 111 in the forward and backward direction A 
of the rigidified chain. 

In more detail, in the interlocking accompanied by the 
elastic deformation, even if the outer tooth link plate 112AY 
and the outer tooth link plate 112BZare interlocked with each 
other, by the elastic force by which the elastically deformed 
component would return to the original status, the interlocked 
interlocking chains 110A and 110B are operated so as to be 
disengaged from each other. 

At this time, it is difficult to maintain the interlocking 
accompanied by the elastic deformation only by the outer 
tooth link plate 112C, but by sequentially interlocking the 
link plates using the rigidified-side coupling pin 113 as a 
fulcrum, it is possible to suppress the disengagement of the 
chains with less power by the principle of leverage. Accord 
ingly, the interlocking accompanied by the elastic deforma 
tion in the outer tooth link plates 112AY and 112BZ is com 
pleted by completion of the interlocking due to the outer tooth 
link plates 112C and 112D. 

Moreover, in the interlocking chain unit 100 according to 
the present embodiment, the second inter-pin distance d2 is 
defined by the hook-shaped interlocking end faces 112AF 
and 112BF existing between the pair of coupling pins 113A1 
and 113B2 facing each other in the chain width direction Win 
the state of being included in the rigidified chain portion 100A 
and interlocked with each other, and the buckling restricting 
end faces 111S and 111S contacting each other. This forms 
the rigidified chain portion 100A in a state of balancing the 
force acting on the hook-shaped interlocking end faces 
112AF and 112BF interlocked with each other and the force 
acting on the buckling restricting end faces 111S and 111S 
contacting each other. Accordingly, it is possible to reliably 
avoid buckling, breaking, and bending of the rigidified chain 
portion 100A, by further improving the rigidity of the rigidi 
fied chain portion 100A in the state of defining the width of 
the rigidified chain portion 100A. 
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14 
In addition, in regard to the hook-shaped interlocking end 

faces 112AF, 112BF, 112CF, and 112DF of the outer tooth 
link plate 112AY. 112BZ., 112C, and 112D, and the buckling 
restricting end faces 112AS, 112BS, 112CS, and 112DS of 
the outer tooth link plates 112AY. 112BZ., 112C, and 112D, 
the same advantages as obtained by the balance of forces 
described above are achieved with the progress of the inter 
locking operation. 

In addition, the third inter-pin distance d3 is adapted to act 
in the direction of spreading between the coupling pins 113 by 
the contact of the buckling restricting end faces 112CS inter 
posed between the disengagement-side coupling pin 113C1 
of the third link plate, that is, the outer tooth link plate 112C, 
and the coupling pin 113D2 facing the disengagement-side 
coupling pin 113C1 of the outer tooth link plate 112C. 

Furthermore, the inter-pin distance is adapted to act so as 
not to be spread by the contact of the hook-shaped interlock 
ing end faces 112DF interposed between the disengagement 
side coupling pin 113C1 of the outer tooth link plate 112C and 
the coupling pin 113D2 facing the disengagement-side cou 
pling pin 113C1 of the outer tooth link plate 112C so as to be 
interlocked with each other. 
By the interlocking so as to define the inter-pin distance in 

the direction in which the buckling restricting end face 112CS 
and the hook-shaped interlocking end face 112CF are oppo 
site to each other in the width direction connected by the 
coupling pins 113, it is possible to define the inter-pin dis 
tance d3 at the time of the interlocking of the interlocking 
chains 110A and 110B, and achieve the rigidity. 

In the case of the interlocking accompanied by the elastic 
deformation, since the inter-pin distance defined by the buck 
ling restricting end face 112CS is greater than the inter-pin 
distance defined by the hook-shaped interlocking end face 
112CF, it is possible to reliably restrict the inter-pin distance, 
and remarkably improve the rigidity of the chain. 

In the interlocking chain unit 100 of the present embodi 
ment obtained in this manner, the inner tooth link plates 111 
and the outer tooth link plates 112 include a first link plate, or 
an outer tooth link plate 112AY, which is located at a position 
immediately before completing the interlocking operation 
and constitutes the interlocking chain 110A, and a second link 
plate, or an outer tooth link plate 112BZ, which constitutes 
the interlocking chain 110B and is subsequent to the outer 
tooth link plate 112AY. The interlocking operation between 
the outer tooth link plate 112AY and the outer tooth link plate 
112BZ is completed such that the first inter-pin distance d1 
between the disengagement-side coupling pin 113B1 of the 
outer tooth link plate 112BZ and the coupling pin 112C2 
facing the disengagement-side coupling pin 113B1 of the 
outer tooth link plate 112BZ is made substantially equal to the 
second inter-pin distance d2 in the rigidified chain portion 
100A, and the third inter-pin distance d3 between the third 
link plate having the coupling pin 112C2 facing the disen 
gagement-side coupling pin 113B1 of the outer tooth link 
plate 112BZ and subsequent to the outer tooth link plate 
112BZ, that is, the disengagement-side coupling pin 113C1 
of the outer tooth link plate 112C, and the couplingpin 113D2 
facing the disengagement-side coupling pin 113C1 of the 
outer tooth link plate 112C is made to approach the second 
inter-pin distance d2 in the rigidified chain portion 100A. 
Accordingly, it is possible to achieve the rigid and reliable 
interlocking of the inner tooth link plates 111 and the outer 
tooth link plates 112 in the state of avoiding the action of the 
non-uniform compressive force at the time of the interlock 
ing, it is possible to avoid buckling, breaking and bending of 
the rigidified chain portion 100A by improving the rigidity of 
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the pair of interlocking chains 110A and 110B that are inter 
locked and integrated with each other, and thus the advan 
tages thereof are significant. 

Next, another example of performing the interlocking 
operation of the interlocking chain unit 100 described above 
in the state of not being installed in the interlocking chain type 
forward and backward actuating device 200 will be described 
with reference to FIG. 13. 

In addition, hereinafter, since the interlocking chain unit 
100 is different from the interlocking chain unit 100 described 
above in that the interlocking chain unit 100 of the present 
example is driven in a state of not being installed in the 
interlocking chain type forward and backward actuating 
device 200, and the interlocking operation thereof is 
restricted by a chain movement regulating member 211 in 
place of the drive sprocket 210, the common parts are denoted 
by the common reference numerals, and the detailed descrip 
tion thereof will be omitted. 
As illustrated in FIG. 13, in the interlocking chain unit 100, 

the pair of interlocking chains 110A and 110B are interlocked 
with each other by the chain movement regulating members 
211 and 211 that restrict the deflection region of the operation 
of the pair of interlocking chains 110A and 110B in the 
forward and backward direction A of the rigidified chain from 
the chain disengagement direction. 

Thus, since the driven body is driven forward and back 
ward by the rigidified chain portion 100A with improved 
rigidity, the interlocking chain unit 100 is capable of achiev 
ing the accurate forward and backward movement of the 
driven body to a predetermined position, while avoiding 
buckling, breaking and bending of the rigidified chain portion 
100A as in the case of being installed in the interlocking chain 
type forward and backward actuating device 200. 

In addition, by guiding from the disengagement direction 
of the interlocking chains 110A and 110B to the interlocking 
position, the Subsequent disengagement-side link plate holds 
the preceding rigidified-side plate. Accordingly, the rigidified 
chain portion 100A is adapted to move forward and backward 
while maintaining the rigidified State, without separation of 
the interlocked chains 110A and 110B. 

In addition, as long as any member guides the interlocking 
chain unit 100 in the forward and backward direction A of the 
rigidified chain in the region between chain movement regu 
lating members 211 and 211 by pressing the interlocking 
chain unit 100 from both sides, the chain movement regulat 
ing members 211 and 211 may be any member. 

Even if the coupling pins 113 and 113 facing each other is 
slightly shifted in the forward and backward directionA of the 
rigidified chain at the time of the interlocking operation of the 
interlocking chains 110A and 110B, there is no problem in the 
interlocking operation of the interlocking chains 110A and 
11 OB. 
The advantage of allowing the interlocking between the 

interlocking chains 110A and 110 B without any problem as 
described above is remarkably obtained when the compres 
sive load is applied to the forward and backward direction A 
of the rigidified chain. 
Description of the Reference Numerals 
100 . . . interlocking chain unit 
100A... rigidified chain portion 
110A, 110B. . . interlocking chain 
111... inner tooth link plate 
112F, 112AF, 112BF, 112CF, 112DF ... hook-shaped inter 

locking end face 
111S, 112S, 112BS, 112CS. ... buckling restricting end face 
112, 112X, 112AY, 112BZ., 112C, 112D ... outer tooth link 

plate 
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113, 113B1, 113B2, 113C1, 113C2, 113D2 ... coupling pin 
114. . . bushing 
115 ... roller 
200 . . . interlocking chain type forward and backward actu 

ating device 
210. . . drive sprocket 
211 . . . chain movement regulating member 
220... base plate 
230 . . . axis of rotation of drive sprocket 
240 ... lifting table 
250 . . . drive motor 
251 ... output gear 
252. . . power transmitting chain 
253 . . . group of speed change gears 
260 . . . chain guide plate 
270. . . chain housing means 
271 . . . chain housing box 
272 . . . straight housing rail 
A... rigid chain forward and backward movement direction 
d1 ... first inter-pin distance 
d2 ... second inter-pin distance 
d3 ... third inter-pin distance 
G. . . installation face 
Pb, Pc ... plate axis 
T. . . chain thickness direction 
W ... chain width direction 
The invention claimed is: 
1. An interlocking chain unit comprising a pair of inter 

locking chains, wherein: 
the pair of interlocking chains includes a first interlocking 

chain and a second interlocking chain, each of which 
includes outer tooth link plates each having a hook 
shaped interlocking end face and a buckling restricting 
end face, pairs offront and rear coupling pins fitted to the 
outer tooth link plates, and inner tooth link plates alter 
nately placed with the outer tooth link plates and inter 
connected to the coupling pins, 

the first interlocking chain and the second interlocking 
chain are interlocked with each other to form a rigidified 
chain portion, and are disengaged from each other to 
bifurcate; 

a link plate of the first interlocking chain that is one of the 
inner tooth link plates and the outer link plates of the first 
interlocking chain and is in a state immediately before 
completion of an interlocking operation when the first 
interlocking chain is rotated around the preceding cou 
pling pin in the forward and backward direction of the 
rigidified chain portion is defined as a first link plate; 

a link plate of the second interlocking chain that is located 
Subsequent to the first link plate is defined as a second 
link plate, the second link plate having a disengagement 
side coupling pin; 

a link plate that is located Subsequent to the second link 
plate is defined as a third link plate, the third link plate 
having a disengagement-side coupling pin and a cou 
plingpin that faces the disengagement-side couplingpin 
of the second link plate; and 

the interlocking operation between the first link plate and 
the second link plate is completed Such that 

a first inter-pin distance between the disengagement-side 
coupling pin of the second link plate and the coupling 
pin facing the disengagement-side coupling pin of the 
second link plate is made substantially equal to a second 
inter-pin distance in the rigidified chain portion; 

a third inter-pin distance between the disengagement-side 
coupling pin of the third link plate and a coupling pin 
that faces the disengagement-side coupling pin of the 
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third link plate is made to approach the second inter-pin 
distance in the rigidified chain portion; and 

wherein when the first inter-pin distance and the third 
inter-pin distance become equal to the second inter-pin 
distance in the rigidified chain portion in the process of 5 
reaching the position of the first link plate from the 
position of the third link plate at the time of the inter 
locking operation, any or all of the inner tooth link 
plates, the outer tooth link plates, and the coupling pins 
are elastically deformed in a state of balancing a force 
acting on the hook-shaped interlocking end faces inter 
locked with each other and a force acting on the buckling 
restricting end faces connecting each other. 

2. The interlocking chain unit according to claim 1 wherein 
in the interlocking operation, the buckling restricting end face 
of the third link plate contacts the buckling restricting end 
face of the second link plate; and 

in the interlocking operation, the second link plate is pro 
vided co-planar with and in contact with the third link 
plate to form the rigidified chain. 

3. The interlocking chain unit according to claim 1, 
wherein a link plate that is located subsequent to the third link 
plate is defined as a fourth link plate, 

in the interlocking operation, the hook-shaped interlocking 
end face of the third link plate is interlocked with the 
hook-shaped interlocking end face of the fourth link 
plate; and 
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in the interlocking operation, the fourth link plate is pro 

vided co-planar with and in contact with the third link 
plate to form the rigidified chain. 

4. The interlocking chain unit according to claim 1, 
wherein the second inter-pin distance is defined by the hook 
shaped interlocking end faces existing between a pair of 
coupling pins that face each other in the chain width direction 
and are interlocked with each other in a state of being 
included in the rigidified chain portion, and by the buckling 
restricting end faces contacting each other. 

5. The interlocking chain unit according to claim 1, 
wherein the pair of interlocking chains are interlocked with 
each other by a chain movement restricting means that regu 
lates the operation of the pair of the interlocking chains from 
the chain disengagement direction to a deflection region that 
extends in the forward and backward direction of the rigidi 
fied chain. 

6. The interlocking chain unit according to claim 5. 
wherein the chain movement restricting means is a drive 
sprocket provided in an actuating device configured to move 
a driven body forward and backward according to chain for 
ward and backward movements based on interlocking and 
disengagement of the pair of interlocking chains. 
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